In this paper, we consider the transformation of a ray beam as it passes through an optical system containing a glass plate with parallel surfaces inclined to the optical axis at the Brewster's angle, by investigating the effects of the optical system on amplitude and phase distributions. By applying generalized matrix optics and diffraction integrals and considering the influence of a quarter of a wavelength of aberration on the transmitted amplitude and phase distributions at the focus of a de-collimating lens, we find that the central peak amplitude descends from 1.0 to 0.8 and the phase distortion is less than π/2. The general feature of the amplitude distribution shows an elongation along the y-axis perpendicular to the optical axis in the direction of tilt of the inclined plate, and conforms to the inclination direction of the glass plate. 
Introduction
44 years ago, Brower et al. [1] derived a transfer matrix connecting an image point coordinate and its rate of slope ( L ) to an object point coordinate and its rate of tity AD − BC = 1 was established for an optical system with rotational symmetry [1, 2] . This is now called the optical ABCD theorem. Latterly Kogelnik proved the same theorem for the propagation of paraxial rays through optical structures [3] ; this treatment of ray propagation can be found in literature [4] . It is also worth mentioning that in 1970, Collins presented a paper in which the kernel of the diffraction integral is written in terms of elements of the ray matrix that describes a complete lens system. The approach provides a simple way to calculate the diffraction integral for a lens system. He also indicated that "the results are limited to the paraxial ray approximation" [5] . Then in the 70's and 80's, the ABCD matrix methods were extended for many complicated problems that included optical system asymmetry and astigmatism, as well as misaligned systems [6, 7] .
In a previous paper, we presented a generalization of the optical ABCD theorem for skewed rays propagated offaxis, independent of whether or not the optical system possessed a rotationally symmetric axis, and we called this "the generalized matrix optics". In our current work, we apply this generalization to calculate the diffraction integral [8] . We express the matrix elements A ∼ D in terms of the angle eikonal T derivatives with aberration included, and give the results of analysis and numerical calculations for the propagation of ray beams through the optical system, in case spherical aberration and coma are present. It seems that such an approach may provide a method to assess the formation of image quality for light beams through an optical system when aberrations are present.
In this paper, we consider the transformation of a ray beam as it passes through an optical system containing a glass plate with parallel surfaces inclined to the optical axis at the Brewster's angle, by using generalized matrix optics and diffraction integrals. This paper is organized as follows: in Section 2, the generalized matrix optics and the diffraction integral is described, some diffraction integrals calculations are given in Section 3 and finally, a simple conclusion is outlined in Section 4.
The generalized matrix optics and the diffraction integral
The point eikonal V ( . Based on the point eikonal V , the angle eikonal T may be written as , and the coordinate axis denotes the optical axis. 0 , 1 stand for the refraction indices in the object and image planes, respectively, denotes the spherical aberration coefficient, denotes the coma coefficient, expresses the astigmatism coefficient, and , , , and denote higher-order aberration coefficients.
The general ABCD theorem for skewed rays T = T ( ), reads
The transformation from Based on angle Eikonal T , we can construct another associated angle EikonalT by the expansions
where T (2 ) is the n-th order homogeneous polynomial of , ,
and associated matrix elementsÃ ∼D then the diffraction integral that relates the field across the two planes can be expressed by
The optical length: Considering the case of primary aberrations, namely spherical aberration, coma and astigmatism, a further simplification of Eq. (5) by keeping the coefficientsT (2) ,T (4) and deleting the others, yields
From Eqs. (7) and (10) 
The above results are valid for the rotationally symmetric optical system. The generalization of Collins diffraction integral from a paraxial region to skewed rays is now complete
Applying the generalized matrix optics and diffraction integrals to investigate an optical system with aberrations
If the optical system contains a glass plate with parallel surfaces inclined to the optical axis at Brewster's angle
( is the glass refraction index), then some modifications will be needed for the optical system, as shown in Fig. 1 .
Considering that the surface profile of plate glass is not perfect in optical processing, some aberrations inherent to the surface profile may add to the overall aberrations. We provide the projection ( 
After a straightforward but tedious derivation we end up with the following equation: If we set 
Substituting Eq. (19) in Eqs. (12), (13) and (14), and considering the profile of the plate surfaces as imperfect because of optical processing errors, the new characteristic can be described by the aberrations 2 , , 2 . Consequently, the diffraction integral calculation of the amplitude and phase distribution are shown in Fig. 2 and Here, the amplitude is in relative units (the peak of Fig.  2(a) equals 1, without aberrations) , the phase is in units of radians, and the coordinates (˜ ˜ ) are in units of wave length µ. In the spherical aberration case, the distribution shows central symmetry, while in the coma case, the distribution shows non-central symmetry, these can be seen from Fig. 2 and Fig. 3 . Fig. 2(a) -(e) denote the normalized amplitude distributions for the ideal, spherical, coma, astigmatism and general case, respectively. From Fig. 2 the central symmetry is preserved in the ideal and spherical aberration cases, whereas in the coma, astigmatism and general case, the central symmetry is destroyed. The phase distributions for ideal, spherical, coma, astigmatism and general case are shown in the Fig. 3(a) -(e), respectively. In Fig. 2 and Fig. 3(b) -(e) show the fluctuation phase distributions on the image plane relative to (a) the uniform distribution of the ideal case. By considering the influence of a quarter of a wavelength of aberration on the transmitted amplitude and phase distributions at the focus of a de-collimating lens, we find that the central peak amplitude descends from 1.0 to 0.8 and the phase distortion is less than π/2. The general feature of the amplitude distribution that shows elongation along the y-axis conforms to the inclination direction of plate glass. Fig. 1) . From Fig. 4(a) we see that neither rotational symmetry nor central symmetry is present in the case of coma, which is quite different from Fig. 4(b) . From Fig.  4(b) we see that central symmetry, but not rotational symmetry, is preserved in the case of spherical aberration. The results conform to the theory of geometrical optics. The above results just manifest the fact that a convergent (or divergent) beam due to spherical aberration, unlike the no aberration incident plane wave mentioned above, experiences an astigmatism image formation characterized by the constants 
Conclusions
In this paper, we give an interesting insight into the rigorous description of optical distortions using a simplified transfer matrix approach on the one hand, while on the other, we take into account the exact solution for propagating an optical field using the Huygens-Fresnel integral. By considering the influence of a quarter of a wavelength of aberration on the transmitted amplitude and phase distributions at the focus of a de-collimating lens, we conclude that the central peak amplitude descends from 1.0 to 0.8 and the phase distortion is less than π/2. The general feature of the amplitude distributions that shows elongation along the y-axis conforms to the inclination direction of the glass plate. Analysis and numerical calculations are shown for the propagation of a light beam through an optical system in a case in which all primary aberrations are present. It provides the basis for control of the parallel plate glass with optical working precision. This result is of practical importance when considering a realistic experimental condition. We supply the diffraction.
